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TECHNICALMEMORANDUMX-53461

PERCENTAGELEVELSOFWINDSPEEDDIFFERENCESCOMPUTEDBY USING

RAWINSONDEWINDPROFILEDATAFROMCAPEKENNEDY,FLORIDA

SUMMARY

Presented are percentage levels of wind speed differences calculated
from AN/GMD-Iupper atmospheric wind profile data observed at CapeKennedy,
Florida. Eight years of rawinsonde wind profile data (5844 profiles)
were used: January i, 1956 through December31, 1963. The results are
based on each kilometer of data using wind velocity measurementsobtained
for the 1.0 through 25.0 km altitude interval. The results presented
may be used to (I) aid in predicting statistical limits of upper level
winds, and (2) provide an understanding of the statistical results of
wind speed change as a function of time. This type of information is
important for space vehicle launch operations.

I. INTRODUCTI0N

For the launching of vertical rising vehicles, it is desirable to
predict what the upper level wind conditions will be at the time of launch.
Special wind profiles are obtained during a period of time (50 hours)
before and at the time of launch. Constant surveillance of these data
is necessary to predict wind conditions that are likely to occur during
the ascent of the launch vehicle through the atmosphere. In addition to
observing the wind velocities (velocity changesas a function of height
and time, maximumwind speed, etc.) as the data are collected, it is
com_nonpractice to use results of various studies on upper level winds
as an aid in improving predictions. This report includes results which
are quite useful in predicting (statistically) wind profile conditions
for the CapeKennedyarea.

These results should not be used for other geographical locations
since definite differences in upper atmospheric wind flow conditions are
commonfrom place to place.

The authors of this report wish to express their appreciation to
Mr. Paul Harness and Mr. Edgar Seely of the Computation Laboratory,
MSFC/NASA,Huntsville, Alabama, for the data computations.



II. DATA SOURCE AND ANALYSIS

The enclosed tables are percentage levels of wind speed differences

obtained from eight years of serially completed rawinsonde wind profile

data (5844 wind profiles). These data (wind measurements) were obtained

at Patrick Air Force Base (Cape Kennedy), Florida, and include wind

velocities for every 1.0 km of altitude, i.e., surface, 1.0, 2.0, ....

and 27.0 km. (The surface, 26.0 and 27.0 km measurements were excluded

from this study.) Two wind velocity profiles per day were included

beginning with January I, 1956 and continuing through December 31, 1963.

The term "serially complete data" means that missing data were filled

in by professional meteorologists using extrapolation, interpolation,

or statistical transferring methods so as not to have any wind data

missing for any level or runs (References i and 2). Below is a brief

discussion of the methods used to "serially complete" these data taken

from Reference 3:

"The interpolations and extrapolations were made

through time and three-dimensional space consider-

ations. 'Off-time and nearby station data were

used in conjunction with the originally observed

data to perform height-time cross-sectional and

horizontal analyses. The height-time cross section

was the principal analysis record used. It was

prepared for the entire period of record. The

original observations were plotted at their

respective time intervals for each level of the

cross section .... An isotach analysis of the

data not only provided missing grid point values,

but aided in finding computational errors in the

original data. Original wind values were changed

only when they were considered definitely erroneous

(determined through examination of original compu-

tation forms), or they could not have occurred

when consideration was given to the synoptic

features at the time."

The data were grouped by months and altitude intervals and then

classified according to initial wind speed and direction. The altitude

intervals were 5.0 kilometers in depth and the associated intervals

used for classifying the wind speed and wind direction were i0 m/sec

and 45 degrees (starting at 0 degrees), respectively.

The following example is given to show how the results

were obtained. Suppose the 1200Z January i, 1958, 2 km wind value was

13.5 m/sec at 150 degrees; this value would be entered in the January,

i to 5 km interval, wind speed class i0.0 to 19.9 (20) m/sec and wind

2



"direction class 135 to 179.9 (180) degrees. Notice that the direction
classification is used only to classify the initial wind profile value.
All wind data meeting the requirements (January, I to 5 km altitude
interval, i0 to 20 m/sec, and 135 to 180 degrees) will be placed in
the sameclass as this example. Nowsuppose the next rawinsonde sounding
(0000Z January 2, 1958) for the 2 km level was 19.7 m/sec; the difference
between these wind speedvalues is 19.7 - 13.5 = + 6.2 m/sec. The posi-
tive sign indicates that the wind speed has increased at this level
during the 12-hour interval between the two soundings. This wind speed
change 6.2 m/sec, in addition to all other changes for this 12-hour
interval which meet the initial requirements (month, altitude interval,
speed class, and direction class) of this example, are grouped together.
A cumulative frequency distribution is then computedfor this group.
From this distribution, discrete percentage levels (I.0, 5.0, I0.0,
25.0, 50.0, 75.0, 90.0, 95.0, and 99.0 percent) are determined. These
results are indicated in the accompanyingtables.

The procedure, as illustrated by the above example, is repeated for
all the wind profile data. The results presented in the tables maybe
interpreted as wind speed differences that will not be exceededduring
the percentage of the time equal to the probability level of occurrence.
For example, the value given for the January, I to 5 km layer, 0 to i0
m/sec, 0 to 45 degrees, 24 hours elapsed time, and 99.0 percent level
classification is 13.5 m/sec (Table la). Thus, it is to be expected
that 99.0 percent of the time the wind speed change (increase) will be
13.5 m/sec or less. This value (13.5 m/sec) was obtained from the
cumulative frequency distribution as explained in the preceding para-
graph.

The numberof observations (wind profile values) used to compute
the respective increasing and decreasing wind speed values is given at
the bottom of each table.

III. ACCURACYOFDATA

The accuracy of the rawinsonde wind profile data is dependent on
altitude, elevation angle, wind speed, etc. An excellent discussion of
the accuracy is given in Reference 4, prepared by the Meteorological
Data Accuracies Committee, Inter-Range Instrumentation Group (IRIG) for
the National Ranges. No attempt has been madeto determine the statis-
tical accuracies of the wind speed differences. However, the confidence
which may be placed in the values given in the tables decreases outward
from the center value (50.0 per cent); i.e., the least amountof con-
fidence should be placed in the extreme percent levels (I.0 and 99.0
percentiles). Furthermore, it is obvious that the numberof observations
gives a measure of the statistical confidence that maybe placed in the
results obtained. Thus, very little confidence should be placed in
tables having less than about 30 observations.



IV. COMMENTS

The percentage levels of wind speed differences presented in this
report were obtained from eight years of serially completed rawinsonde
wind profile data from CapeKennedy, Florida. Thus, the data are
directly applicable only to the CapeKennedyarea and its immediate
surroundings. It is anticipated that the data presented in this report
will beauseful aid in the statistical prediction of changes in the
wind field as a function of altitude and time during vehicle launch
operations.

Any questions concerning the data presented in this report, its
acquisition, and/or reduction should be directed to the Aerospace
Environment Division (R-AERO-Y),NASA,George C. Marshall Space Flight
Center, Huntsville, Alabama, 35812.
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